PRECISE MULTI-POLE MAGNETIC COMPONENT AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

Field of Invention 

5 The invention relates to a precise multi-pole magnetic component and the 

manufacturing method thereof. In particular, the invention pertains to a precise 
multi-pole magnetic component that formed by using the printed circuit board (PCB) 
technology and the corresponding manufacturing method. 

Related Art 

10 Magnetic encoders are widely used to detect the rotation speed, angle and position 

in many precise control systems. They are quite rigid with simple structures, offering 
reliable operation in adverse environments where high vibration, temperature, moisture 
or dust may exist. Since the motor size is getting smaller, a strict condition is required 
for magnetic encoders with high resolution. Therefore, conventional magnetic 

15 encoders with wide magnetic pole pitch are not enough for using in precise control 
systems anymore. A precise magnetic encoder consists of a magnetic reading device 
and a multi-pole magnetic component with fine magnetic pole pitch. Its resolution is 
determined by the size of the magnetic pole pitch. The dimension of a monopole 
means the magnetic pole pitch. A smaller of the magnetic pole pitch provides a higher 

20 resolution in detection. 

The signals in the multi-pole magnetic component can be detected using a magnetic 
reading device like Hall element or MR (magneto-resistance) element. The position 
and speed of a moving object can be obtained from detecting the rotation angle and 
direction of magnetic encoder. Generally, the multi-pole magnetic component with 
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fine magnetic pole pitch in the magnetic encoder is achieved by magnetization. An 
unmagnetized magnetic component is placed onto the surface of a magnetizing head. 
The magnetizing coil is wound on the magnetizing head and the winding pattern is 
depended upon the design of the magnetizing head. Connecting the terminals of 
5 magnetizing coil to a magnetization machine which can provide the magnetizing current. 
After releasing a magnetizing current, the strong magnetic field is induced to magnetize 
the magnetic component. Therefore, a precise magnetizing head and a magnetization 
machine are required for narrowing the magnetic pole pitch of the multi-pole magnetic 
component. Traditionally, the multi-pole magnetizing head is obtained firom the 
10 line-cutting process and the smallest magnetic pole pitch can be acquired about Imm by 
magnetization using the magnetizing head. The magnetic pole pitch of less than 1mm 
is very difficult to achieve because it is limited by the precision of the machining tools 
and the bending angle of the magnetizing coils. 

As described in the U.S. Pat. No. 4,920,326, the surface of the magnetizing head is 
divided into eight equal parts (16, 16', 18, 18', 20, 20*... 30 and 30') by line-cutting 
process and the magnetizing coil (34) is wound into the groove as shown in FIG. 1. 
The grooves are located between any two parts. An altemate multi-pole magnetic field 
distribution is formed with an appropriate arrangement of the magnetizing coil. Both 
terminals (36 and 38) of the magnetizing coil are connected to a magnetization machine 
which can provide the magnetizing current. A strong magnetic field is induced 
instantaneously after the magnetization machine releases a magnetizing current. Then 
the magnetic component (40) is magnetized with a multi-pole structure. It is seen that 
the distance between the magnetic poles is limited by the machining technique and the 
minimum is about 1mm. Besides, the insulating layer of the magnetizing coil can not 
withstand the stress and then breaks. It is caused by the large bending angle of the 
magnetizing coil being used in a magnetizing head with fine magnetic pole pitch. 
Therefore, a short circuit is happened on the bases (12 and 12') of the magnetizing head. 
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Since the bases are made of a ferromagnetic material with high permeability, the 
magnetizing coil and head are exploded frequently during the magnetization. Thus this 
way is very dangerous. 

To overcome the limitation of 1mm in the magnetic pole pitch, a new 
5 magnetization method is introduced using the single-pulse magnetizing technique like 
the magnetic recording technology. The disclosed in the proceeding of Electrical 
Electronics hisulation Conference and Electrical Manufacturing & Coil Winding 
Conference (Chicago '93 EEIC/ICWA Exposition, P.237-242, 1993) is shown in FIG. 2. 
The magnetizing coils (200) are wound on the magnetizing head (201). The leakage of 

10 the magnetic filed from the magnetizing head is used to write the magnetic pole pairs 
(i.e. N and S pole) onto the surface of the magnetic component (202). The magnetic 
pole pitch of less than 1mm is accomplished successfully. Before magnetization, the 
magnetic component is mounted on a base which is usually supported and rotated by a 
high precision spindle motor. Then, the magnetic component is magnetized with 

15 magnetic pole pairs intermittently controlling by using a magnetization machine. The 
precise position control of the spindle motor is highly required; otherwise, an 
asymmetric magnetic file distribution will happen in the multi-pole magnetic component 
after magnetization and it is not good for subsequent processing of signals. In addition, 
the dimension of the magnetic component must be controlled uniformly. During the 

20 magnetization, the magnetic component will often collide with the magnetizing head if 
its radial run-out is too large and thus result in damages both of them. Moreover, the 
leaking gap in the magnetizing head and the air gap between the magnetizing head and 
the magnetic component have to be properly controlled. These are the key factors to 
affect the dimension of the magnetic pole pitch in magnetization. As the magnetic 

25 pole pitch on the magnetic component gets smaller, the leaking gap in the magnetizing 
head has to be narrowed as well. The air gap between the magnetizing head and the 
magnetic component must be appropriately tuned to obtain the desired magnetic pole 
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pitch. Therefore, the manufacturing of a multi-pole magnetic component can be 
accomplished only under a precise controlling in magnetization and it is difficulty. 

Besides, the waveform of the magnetizing current fi"om the magnetization machine 
is required to modify in order to magnetize the magnetic component with different 
5 magnetic properties using the single-pulse magnetizing technique. Because the 
waveform of the magnetizing current highly depends upon the magnetic material 
property and this can be achieved only through a precise magnetization machine. In 
addition to controlling the tiny radial run-out and the material homogeneity on the 
magnetic component, it has to be moimted on a spindle motor under a precision position 

10 control. The desired magnetic pole pitch can be accomplished by tuning an 
appropriate leaking gap and the magnetizing air gap during the magnetization. Despite 
the fact that this technique can narrow the magnetic pole pitch to around 200 fi m, the 
process is very complicated and difficult. The high precision machining, the 
techniques for making the precise magnetizing head and the magnetization machine are 

15 essential, and therefore the single-pulse magnetizing technique is costly and not 
economical at all. 

SUMMARY OF THE INVENTION 

In view of the foregoing problems in the prior art, the invention provides a precise 
multi-pole magnetic component and the corresponding manufacturing method. Using 

20 the electromagnetic principles, an appropriate circuit pattem is designed and formed on 
the printed circuit board (PCB). An alternate and regular magnetic pole distribution is 
induced after a current is supplied to the circuit and then a multi-pole magnetic 
component is formed. The fine magnetic pole pitch in the multi-pole magnetic 
component is obtained firom making the high-density wire circuit on the substrate using 

25 PCB manufacturing technology. 
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According to electromagnetism, supplying a long straight wire with a current will 
induce an annular magnetic field around the wire. The magnetic flux density is 
proportional to the current input, but inversely proportional to the distance. The 
invention designs a special circuit pattem and then it is formed on the PCB. After 
5 supplying a current to the circuit, the magnetic field is generated and its distribution is 
determined by the circuit pattem. Using this property and designing a special circuit 
pattem possessing with a meander structure, let the current flow in opposite directions 
on the circuit to generate an alternate magnetic pole distribution. At present, the 
minimum wire width on the circuit can be achieved is about 75 fim using PCB 
10 manufacturing technology. Thus the multi-pole magnetic component with fine magnetic 
pole pitch can be accomplished by forming the special circuit pattem on the PCB. 

This disclosed precise multi-pole magnetic component can have both single-layer 
and multi-layer stmctures. The single-layer structure contains a substrate and a circuit 
built on the surface of the substrate. The multi-layer stmcture has more than one layer 

15 of circuit built on the surface of the substrate. An insulating layer is inserted between 
any two layers of circuits. All circuits on different layers are connected into a single 
circuit by drilling holes and filling them with soldering tin. On the top circuit layer, 
the current input and output (I/O) terminals are reserved for connecting to a current 
source. After supplying a current, the multi-layer stmcture can enhance the magnetic 

20 field and it is good for signal detection. 

The above-mentioned precise multi-pole magnetic component can be accomplished 
using the PCB manufacturing technology. The size of the magnetic pole pitch is 
closely related to the manufacturing technology and the minimum value of 150 // m can 
be easily achieved at present. The PCB manufacturing technology greatly improves 
25 the resolution of magnetic encoders for high precision requirements. 

We give a list of comparison among the conventional magnetization technology, the 
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single-pulse magnetization technology, and the PCB manufacturing technology in Table 
1. 

Table 1 : 



Basic Requirements 
Technology 


Magnetization 
Machine 


Magnetizing 
Head 


Precision 
Machining 


Minimum 
Pole Pitch 


Price 


Conventional 
Magnetization 


Yes 


Yes 


Yes 


~lmm 


High 


Single-Pulse 
Magnetization 


Yes 


Yes 


Yes 


~200/zm 


Very High 


PCB Manufacturing 
Technology 


No 


No 


No 


-150 //m 


Cheap 



5 To obtain a precise multi-pole magnetic component for being used in magnetic 

encoders. The precision machining, the magnetizing head and magnetization machine 
are necessary in the prior art for narrowing the pitch size to improve the resolution of 
magnetic encoders. Otherwise, it is impossible to do the job and the manufacturing 
cost is thus very high. However, if one uses the disclosed PCB manufacturing 
10 technology to make the precise multi-pole magnetic component with fine magnetic pole 
pitch, neither the precision machining nor the uses of magnetizing head and 
magnetization machine are required. The invention is not only simple but also 
completely feasible. PCB manufacturing technology is convenient for mass production 
at a lower cost. 

15 The multi-pole magnetic field distribution of the disclosed precise multi-pole 

magnetic component is not formed by actually magnetizing a magnetic component. It 
is generated fi-om supplying a current into the circuit on the PCB. One can readily 
obtain a desired precise multi-pole magnetic field distribution by designing an 
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appropriate circuit pattern on a substrate using PCB manufacturing technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more fully understood from the detailed description 
given herein below illustration only, and thus are not limited by the present invention, 
5 and wherein: 

FIG. 1 is the embodiment of the magnetizing head in the prior art; 

FIG. 2 is the embodiment of the single-pulse magnetizing method in the prior art; 

FIG. 3 is the first embodiment of the invention; 

FIG. 4 is a schematic view of the magnetic field distribution in the first 
10 embodiment; 

FIG. 5 is a schematic view of the circuit structure in the second embodiment of the 
invention; 

FIG. 6 is a schematic view of the magnetic field distribution in the second 
embodiment; 

15 FIG. 7 shows the measured result of a partial magnetic field distribution produced 

by the disclosed linear 9-pole magnetic component; and 

FIG. 8 shows the manufacturing procedure of the first embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention fabricates a special circuit pattern on the surface of a substrate. The 
20 multi-pole magnetic field distribution is generated after a current supplying to the circuit 
for producing the precise multi-pole magnetic component. Different magnetic pole 
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pitches can be achieved easily by modifying the circuit patterns on PCB. The 
multi-layer structure of circuits is formed using PCB manufacturing process repeatedly. 
It can enhance the strength of the magnetic field and this is good for the signal detection. 
According to the invention, a special circuit pattern, which has a meander structure for 
5 providing the current to flow in opposite directions, is designed and formed on the PCB. 
Thus, the magnetic field is induced in different directions among the circuits to generate 
an altemate magnetic pole distribution. Then the multi-pole magnetic component is 
accomplished. 

FIG. 3 shows the first embodiment of the invention. As shown in the photo, on 
10 the surface of the PCB has a circuit pattern, which is a linear type extending along 
one-dimensional direction and has a meander structure for providing the current to flow 
in opposite directions. Therefore, magnetic fields pointing in different directions can 
be induced among the circuit, thereby producing an altemate magnetic pole distribution. 
FIG. 4 is the schematic view of the magnetic field distribution in the first embodiment 
15 and the magnetic field has an altemate magnetic pole distribution extending along 
one-dimensional direction. The magnetic flux density produced by the circuit pattem 
on the substrate can be detected using a Hall sensor, or a magneto-resistance (MR) 
sensor / giant magneto-resistance (GMR) sensor. 

The magnetic field distribution can be easily extended fi-om the one-dimensional 
20 structure to a two-dimensional one. An annular meander structure, which provides the 
current to flow in opposite directions for producing the magnetic field in different 
directions among the circuit, can be obtained fi-om modifying the circuit pattem on the 
PCB. As shown in FIG. 5, this is the schematic view of circuit stmcture in the second 
embodiment of the invention. An annular meander circuit pattem (110) is formed on 
25 the surface of a substrate (100). The current input terminal (1 1 1) and output terminal 
(112) are connected to a cvirrent source. Once a current is supplied, an altemate 



magnetic field distribution is induced among the circuit (110). The magnetic field 
distribution is an annular type in radial direction as shown in FIG. 6. 

To prove that the magnetic field produced by the circuit with a tiny wire width can 
be effectively detected and please refer to FIG. 7. It is the measured results of a partial 
5 magnetic filed distribution of the disclosed linear 9-pole magnetic component. Three 
consecutive magnetic poles of the magnetic flux density distributions are measured at a 
detection spacing of 200 // m and 300 m above the surface by using a precise Hall 
probe with a high sensitivity of 0.1 gauss. The width of the circuit wires on the 
substrate is designed and formed with 200 [i m and the gap between two adjacent circuit 
10 wires is also 200 //m. Therefore, the size of the magnetic pole pitch is 400 ^am. 
After supplying 1 A current, the measured magnetic field distribution is not only uniform 
but also the obvious boundaries existing between the magnetic poles. The signals of 
the magnetic field distributions are enough to be as the signals for detection. 

The precise multi-pole magnetic component made by using the PCB manufacturing 
15 technology can also have double-layer or even multi-layer structures to enhance the 
strength of the magnetic fields among the circuits. FIG. 8 shows the manufacturing 
procedure of the disclosed first embodiment of the invention. First, a substrate is 
prepared (step 10). The first layer of the circuit pattem is formed on the surface of the 
substrate using the PCB manufacturing technology (step 20). An insulating layer is 
20 then added on the circuit layer using the PCB manufacturing technology (step 30). The 
second layer of the circuit pattem is formed on the insulating layer using the PCB 
manufacturing technology (step 40). Steps 30 and 40 are repeated until the desired 
circuit layers are completed. All circuits on different layers have to be connected into a 
single circuit by drilling holes and filling them with soldering tin. Only the current 
25 input and output (I/O) terminals on the top circuit layer are reserved for connecting to a 
current source. Each layer of the circuit has a meander structure for providing a 
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current to flow in opposite directions and then an alternate magnetic pole distribution is 
generated. The magnetic field distribution of each layer of the circuit on the substrate 
is arranged appropriately to stack with an enhancing configuration. 

Certain variations would be apparent to those skilled in the art, which variations are 
considered within the spirit and scope of the claimed invention. 

CLAIMS 

What is claimed is: 

1 . A precise multi-pole magnetic component comprising: 

a substrate; and 

a pliu"ality of layers of circuits formed on the surface of the substrate; 

wherein each layer of the circuit is separated firom another by an insulating 
layer; the circuits on different layers are connected into a single circuit by 
drilling holes and filling them with soldering tin; the current input and 
output terminals on the top layer are reserved for connecting to a current 
source; each layer of the circuit has a meander stmcture for providing a 
current to flow in opposite directions to produce an alternate magnetic pole 
distribution; and the magnetic field distribution of each layer of the circuit 
is arranged to stack with enhancing configuration. 

2. The precise multi-pole magnetic component of claim 1, wherein the circuit 
patterns on the surface of the substrate are formed using the printed circuit board (PCB) 
manufacturing technology. 
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